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Outline
METHODOLOGY
• Overview
• Analysis procedure 
• The commercial simulation model
RESULTS
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OVERVIEW:
In order to quantify the annual and Ozone Season Day 
(OSD) energy savings due to the implementation of 
ASHRAE 90.1-1999 for new commercial construction:
• Published analysis from a PNNL 
study on the impact of the 
implementation of ASHRAE 90.1-
1999 for entire United States was 
used.
• The energy saving numbers for this 
analysis were then mapped to the 
published characteristics of new 
construction from F.W. Dodge for 
Texas. 
• The commercial DOE-2.1e 
simulation model with Houston 
weather data was used to obtain the 
percentage savings for OSD. 
Methodology
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ANALYSIS PROCEDURE:
Published analysis from 
PNNL and published new 
building characteristics 
from F.W. Dodge were 
used to quantify the 
savings from the 
implementation of ASHRAE 
90.1-1999:
Methodology
 
`
Building construction (ft2/yr)
according to 12 building types and 41 counties
Energy use (kBtu/ft2yr)
according to 7 building types using
ASHRAE 90.1-1989 and 1999
DODGE PNNL
Amusement, Social and Recreational
Bldgs / Religious Buildings
Manufacturing Plants, Warehouses,
Labs / Warehouses (excl.
manufacturer owned)
Government Service Buildings /
Miscellaneous Nonresidential
Buildings/Office and Bank
Buildings
Dormitories / Hospitals and Other
Health Treatment / Hotels and Motels
Stores and Restaurants
Schools, Libraries, and Labs
Assembly
Education
Office
Lodging
Food
Retail
Warehouse
21.06% of food
78.94% of retail from
CBEC (1999, 2003)
Calculate annual energy consumption of 7 building types  using 1989 and 1999
PNNL simulation results and ft2 from DODGE
- Electric: kWh/ft2-yr * ft2
- Gas: mBtu/ft2-yr *  ft2
Classify building types
DODGE building type PNNL building type
ft2 of 1999, 2000, 2001, 2002, 2003
for each bldg types
Calculate annual energy savings of 7 building types
- Electric consumption using ASHRAE90.1 1999 - Electric consumption  using
ASHRAE90.1 1989
- Gas consumption  using ASHRAE90.1 1999 - Gas consumption  using
ASHRAE90.1 1989
Complete DODGE data
from 1999 to 2003 ?
No
Energy savings
2000
2001
2002
2003
Yes
Assume 2004 and 2005 annual energy savings
are equal to 2003 annual  energy savings
2005
Energy savings
PNNL results using  ASHRAE 90.1-1989
Electric (kWh/ft2-yr) Gas (mBtu/ft2-yr)
Assembly 17.87 0.0322
Education 10.35 0.0189
Food 29.50 0.0355
Lodging 12.43 0.0176
Office 14.47 0.0056
Retail 16.59 0.0040
Warehouse 3.03 0.0082
PNNL results using  ASHRAE 90.1-1999
Electric (kWh/ft2-yr) Gas (mBtu/ft2-yr)
Assembly 16.18 0.0339
Education 9.17 0.0201
Food 29.84 0.0349
Lodging 11.92 0.0159
Office 12.94 0.0063
Retail 13.98 0.0052
Warehouse 5.20 0.0091
Calculate Ozone Season Day (OSD) energy consumption
Use eCalc to estimate OSD % using 1 office building
- Annual electricity energy consumption * OSD %
- Annual  gas consumption * OSD %
1989 1999 1989 1999
TOTAL (YEAR)(a) 988,405 858,198 331.60 278.80
OZONE SEASON  
(07/15 - 09/15) 
199,537 163,841 30.63 10.33
OSD DAILY(b) 3,167 2,601 0.49 0.16
OSD % (b/a) 0.32% 0.30% 0.15% 0.06%
Electricity (kWh) Gas (mBtu)
Calculate Ozone Season Day (OSD) energy savings
- Electric savings in 1999 - Electric savings in 1989
- Gas savings in 1999 - Gas savings in 1989
19992004
Note: Building size is 144 ft * 144 ft, 6-story office building using eCalc
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ANALYSIS PROCEDURE:
• Energy use for 7 building 
types for ASHRAE 90.1 
1989 and 1999 was 
obtained from PNNL.
• New building construction 
square footage from 1999 
to 2003 for 12 building 
types was obtained from 
F.W. Dodge. 
• 6 building types from F.W. 
Dodge were mapped to 
the 7 types from PNNL.
• “Stores and restaurants” 
was divided between 
Retail and food for PNNL.
Methodology
ESL-HH-06-07-02a 
 
 
 
Proceedings of the Fifteenth Symposium on Improving Buildling Systems in Hot and Humid Climates, Orlando, Florida, July 24-26, 2006
DODGE
Building conslruction(ft'/jl!")
according to 12 building types and4l counties ClassifY building types
PNNL
Energy use (kBtulft'yr)
ac cording Ie 7 building typ es using
ASHRAE 90.1-1989 and 1999
........ .................. .... .......... .. ~., . . ....~..~.~_ . ........~.~~..~.. .. .... .... .. ~.~ . .. ~.~. . ... ~.~ . .. ~.~. . ~.~ ... ..~_ ....... ..... ..._........... ~ ....... ...._.._...
DODGE building type PNNL building type
/ Amusement, Social and Recreational I / Assembly ~Bldgs I Religious Buildings 7
/ I I Education ~Scboals, Libraries, and Labs 7
21.06% offood ~ Retail ~/ f--.Stores and Restaurants 78.94% ofretail from fCBEC (1999,2003) Food
/ ~/ Dotmileries I Hospitals and Olber I LodgingHealth Treatment I Hotels and Motrls 7
if Government Service Buildings I /Miscellaneous Nonresidential I Office fBuildingsiOfficeand Bank 7Buildings
1/ Manulacturing Plants, Warehouses, / I Warehouse ~Labs I Warehouses (exc1. Imanulacturer ownecl)
,
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ANALYSIS PROCEDURE:
• Annual energy consumption 
per square foot for the 6 
building types was multiplied 
by the total new square 
footage for both pre-code 
and code.
• The savings were then 
calculated from the 
difference in energy 
consumption between pre-
code and code. 
• OSD savings obtained from 
using a ratio between the 
annual  and OSD 
consumption from a typical 
commercial simulation.
• It is being assumed that the 
construction level will 
remain the same for 2004 
and 2005.
Methodology
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PNNL resuitsusing ASHRAE 90.1-1989 / £1' of 1999,2000,2001,2002,2003for each bldgt}'PesElectric (kWh/ft'-yr) Gas (mBtulft'-yr)
...-------JAssembly 17.87 0.0322
Education 1035 00189 Calculate annual energy consumption of 7 building types using 1989 and 1999
Food 29.50 0.0355 PNNL simulation results andft' from DODGE ~
- Electric: kWMt'-yr * ft'
Lod@ng 12.43 0.0176
- Gas: mBtUJft'-yr * ft'
Office 14.47 0.0056 lRetail 16.59 0.0040
Warehouse 3.03 0.0082 Calculate annual energy savings of 7 building t}'Pes
- Electric consumplionusingASHRAE90.1 1999 - Electric consumption using
ASHRAE90.11989
PNNL resuits using ASHRAE 90.1-1999
- Gas consumption usingASHRAE90.11999 -Gas consumption using
Electric (kWhlft'-yr) Gas (mBtulft'-yr) ASHRAE90.1 1989
Assembly 16.18 0.0339 ~
Education 9.17 0.0201 Calculate Ozone Season Day(OSD) energy consumption
Food 29.84 0.0349 f-- Use eCaic to eslimato OSD % using I office building
Lodging 11.92 0.0159 - Annual electricity energy consumption * OSD % ~oOffice 12.94 0.0063 - Annual gas consumption * OSD %
Retail 13.98 0.0052 •Warehouse 5.20 0.0091 Calculate Ozone Season D ay(OSD) energy-savingsL--
- Electric savings in 1999 - Elecuic savings in 1989
- Gas savings in 1999 - Gas savings in 1989
Electricity (kWh) Gas (mBtu)
1989 1999 1989 1999
TOTAL (YEAR)(a) 988,405 858,198 331.60 278.80
OZONE SEASON 199,537 163,841 30.63 10.33(07/15 - 09/15) Complete DODGE data
OSD DAIL Y(b) 3,167 2,601 0.49 0.16 frOm1999to~
OSD%(hla) 0.32% 030% 0.15~ 006%
Nate: Building size is 144 ft *144 ft, 6-$1o'Y office building using eCaic / pIves 2002200127/ / .. 2000/ 200/,: I Assume 2004 and 2005 annual energy savings I 1999Energy savings P I are equal to 2003 annual energy savings I / Energy savings
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THE COMMERCIAL SIMULATION 
MODEL:
• 6 story commercial building with 
a 144 x 144 ft foot print. 
• Pre-calculated ASHRAE 
weighting factors have been 
used.
• Area density is taken as 275 
ft2/person.
• Lighting power density is taken 
1.3 W/sq ft.
• Houston TMY2 weather data is 
used. 
Methodology
ESL-HH-06-07-02a 
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• A built-up Variable Air Volume 
system was used.
• The type of the equipment and 
the efficiencies are chosen by an 
iterative procedure. 
• 4 iterative runs are required for 
the code run and 3 for the pre-
code run.
Methodology
THE COMMERCIAL SIMULATION 
MODEL:
ESL-HH-06-07-02a 
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COMPARISON BETWEEN ASHRAE 90.1-1989 AND 1999: (PNNL, 2002)
• Largest savings are obtained from “Education” and “Retail”.
• For “Warehouse” and “Food”, ASHRAE 90.1-1989 was more stringent. 
• “Retail” has the most severe natural gas consumption penalty.
Results
ESL-HH-06-07-02a 
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Electric (kWh/sf-yr) Gas (mBtu/sf-yr)
1989 1999 Diff. (%) 1989 1999 Diff. (%)
Assembly 17.87 16.18 -9.49 0.0322 0.0339 5.28
Education 10.35 9.17 -11.39 0.0189 0.0201 6.31
Food 29.50 29.84 1.16 0.0355 0.0349 -1.72
Lodging 12.43 11.92 -4.11 0.0176 0.0159 -9.48
Office 14.47 12.94 -10.61 0.0056 0.0063 12.66
Retail 16.59 13.98 -15.75 0.0040 0.0052 30.89
Warehouse 3.03 5.20 71.72 0.0082 0.0091 11.23
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COMPARISON 
BETWEEN ASHRAE 
90.1-1989 AND 1999: 
(F.W. Dodge, 2003)
Results
• “Education” comprises 
22% of the total new 
construction.
• More than 22% of the 
total new construction 
is in Harris County
• Dallas/ Fort Worth 
area comprises of 40% 
of the total new 
construction
• “Warehouse” is also 
more than 20% of the 
total new construction 
Assembly Education Retail Food Lodging Office Warehouse
BASTROP, TX 0 272 13 4 0 45 0
BEXAR, TX 394 3230 2145 572 1533 840 1092
BRAZORIA, TX 149 462 206 55 2 144 138
CALDWELL, TX 0 46 1 0 0 0 0
CHAMBERS, TX 4 0 2 1 0 15 0
COLLIN, TX 509 1003 1160 309 1752 741 619
COMAL, TX 5 31 28 8 43 16 57
DALLAS, TX 1398 2363 2191 584 605 2343 3936
DENTON, TX 318 1729 547 146 809 878 2190
EL PASO, TX 353 816 377 101 286 437 754
ELLIS, TX 39 60 12 3 40 50 476
FORT BEND, TX 299 96 621 166 181 434 362
GALVESTON, TX 136 337 240 64 269 138 25
GREGG 14 0 195 52 131 40 44
GUADALUPE, TX 42 469 89 24 0 87 30
HARDIN, TX 21 0 135 36 0 0 0
HARRIS, TX 1452 4316 3353 895 2265 4284 5571
HARRISON, TX 24 0 121 32 0 0 19
HAYS, TX 94 140 41 11 11 16 40
HENDERSON, TX 0 0 126 34 0 5 0
HOOD, TX 48 0 16 4 0 10 0
HUNT, TX 59 148 0 0 0 30 50
JEFFERSON, TX 49 121 463 123 636 83 43
JOHNSON, TX 1 93 107 29 0 1 0
KAUFMAN, TX 42 351 0 0 0 11 590
LIBERTY, TX 1 161 6 2 30 15 0
MONTGOMERY, TX 248 1443 1177 314 192 377 233
NUECES, TX 314 59 350 93 773 74 600
ORANGE, TX 17 257 1 0 0 13 2
PARKER, TX 17 97 5 1 106 0 0
ROCKWALL, TX 0 425 3 1 0 38 200
RUSK, TX 0 0 0 0 0 0 0
SAN PATRICIO, TX 10 4 0 0 0 8 0
SMITH, TX 99 113 247 66 115 32 3
TARRANT, TX 954 1964 1780 475 980 3224 1828
TRAVIS, TX 229 244 1593 425 669 812 305
UPSHUR, TX 30 0 0 0 0 0 0
VICTORIA, TX 4 17 132 35 2 20 0
WALLER, TX 107 52 0 0 0 0 914
WILLIAMSON, TX 191 758 646 172 119 183 30
WILSON, TX 0 26 0 0 0 1 0
Total 7669 21704 18130 4836 11550 15440 20153
thousands sq.ftCounties ESL-HH-06-07-02a 
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COMPARISON 
BETWEEN ASHRAE 90.1-
1989 AND 1999: (Annual 
Electricity)
• “Retail” accounts for 
more than 41% of the 
total savings. 
• “Education” save 22% 
of the total energy 
reduction.
• Harris county accounts 
for more than 10% of 
the total annual savings.
• “Food” incurs a penalty 
of 1,657 MWh/year.
Results Assembly   Education
Retail           Food
ESL-HH-06-07-02a 
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COMPARISON 
BETWEEN ASHRAE 90.1-
1989 AND 1999: (Annual 
Electricity)
• “Office” accounts for 
more than 41% of the 
total savings. 
• “Warehouse” incurs a 
penalty of 43,770 
MWh/year.
Results Lodging   Office
Warehouse
ESL-HH-06-07-02a 
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COMPARISON 
BETWEEN ASHRAE 90.1-
1989 AND 1999: 
(MBtu/year)
• Natural Gas 
consumption goes up 
for all categories 
except for “Food” and 
“Lodging”
• This increase in gas 
consumption in most 
cases is caused by 
the reduction in 
lighting power density 
(LPD) in 90.1-1999 
and better glazing.
Results
ESL-HH-06-07-02a 
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Results
Area
C
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Am
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W
est 
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C
O
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O
x R
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 (lbs)
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O
x R
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iver
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O
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eliant Energy
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O
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O
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O
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O
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 (lbs)
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exico Pow
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O
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 (lbs)
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 Electric/PC
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N
O
x R
eductions
 (lbs)
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R
eductions
(lbs)
Total N
ox 
R
eductions
(Tons)
B
razoria
0.008831132
0
0.010890729
0
0.006522185
0
0.003944232
0
0.065444292
0
0.014877434
0
0.006262315
0
0.004817148
0
0.121274957
0
0.00816387
0
0
0
C
ham
bers
0.021762222
0
0.026955801
0
0.016072371
0
0.009076193
0
0.164940225
0
0.037472294
0
0.015055623
0
0.009553214
0
0.011518588
0
0.015818592
0
0
0
Fort B
end
0.070431234
0
0.087239726
0
0.052016606
0
0.029374182
0
0.533812376
0
0.121275295
0
0.048726002
0
0.030918012
0
0.037278747
0
0.051195276
0
0
0
G
alveston
0.033856739
0
0.041710519
0
0.025004711
0
0.015351589
0
0.249587379
0
0.056747051
0
0.024143087
0
0.019297151
0
0.567751219
0
0.032836887
0
0
0
H
arris
0.068267332
0
0.084559408
0
0.050418468
0
0.028471701
0
0.517411736
0
0.117549281
0
0.047228963
0
0.029968099
0
0.03613341
0
0.049622373
0
0
0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
M
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
W
aller
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
H
ardin
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Jefferson
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
C
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0
0.003716345
0
0.001505992
0
0.005950953
0
0.002481478
0
0.000717051
0
0.019166247
0
0.07668094
0
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0
0.004000199
0
0
0
D
allas
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0
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0
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0
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0
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0
0.00068106
0
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0
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0
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0
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0
0
0
D
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0
0.000872802
0
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0
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0
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0
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0
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0
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0
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0
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0
0
0
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0.012162492
0
0.012266309
0
0.008982543
0
0.020308652
0
0.005316504
0
0.001752506
0
0.017326428
0
0.060216761
0
0.020603444
0
0.110647237
0
0
0
E
llis
0.003279814
0
0.003307809
0
0.002422289
0
0.005476558
0
0.001433682
0
0.000472592
0
0.004672353
0
0.016238427
0
0.005556053
0
0.029837824
0
0
0
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0.000286058
0
0.000526868
0
0.000211267
0
0.000843297
0
0.000353404
0
0.000101999
0
0.002742835
0
0.010978701
0
0.000112645
0
0.000512745
0
0
0
K
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an
0.006325453
0
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0
0.004671629
0
0.010562096
0
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0
0.000911441
0
0.009011105
0
0.031317452
0
0.010715411
0
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0
0
0
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0
0.000400576
0
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0
0.000641157
0
0.000268692
0
7.75498E
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0
0.00208537
0
0.008347076
0
8.56434E
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0
0.000389838
0
0
0
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all
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0.000819895
0
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0
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0
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0
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0
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0
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0
0.004059317
0
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0
0.007458924
0
0
0
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0
0.012634039
0
0.009251829
0
0.020917482
0
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0
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0
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0
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0
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0
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0
0
0
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0.006187558
0
0.006240374
0
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0
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0
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0
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0
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0
0
0
0
0
0
0
0
0
0
0
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0.033413751
0
0.051775843
0
0.024677545
0
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0
0.001141841
0
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0
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0
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0
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0
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0
0
0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0
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0
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0
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0
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0
0
0
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0
0
0
0
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0
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0
0
0
0
0
0
0
0
0
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0
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0.002458599
0
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0
0.001815785
0
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0
0.001520452
0
0.004368889
0
0.001304924
0
0.002280677
0
0.000493717
0
0.00225544
0
0
0
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0
0.299602906
0
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0
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0
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0
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0
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0
0
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0
0
0
0
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0
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0
G
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0
0
0
0
0
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0
0
0
0
0
0
0
0
0
0
0
0
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0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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R
usk
0.000685965
0
0.00069182
0
0.000506616
0
0.001145408
0
0.000299851
0
9.88414E
-05
0
0.000977211
0
0.003396227
0
0.001162035
0
0.006240507
0
0
0
S
m
ith
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
U
pshur
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
N
ueces
0.22756873
0
0.004556851
0
0.168069652
0
0.007612767
0
0.001680888
0
0.001626796
0
0.046792036
0
0.007246366
0
0.001609426
0
0.008283395
0
0
0
S
an P
atricio
0.050313351
0
0.001007478
0
0.037158653
0
0.001683113
0
0.000371629
0
0.00035967
0
0.010345288
0
0.001602105
0
0.000355829
0
0.001831382
0
0
0
Victoria Area
V
ictoria
0.021836736
0
0.002215582
0
0.016127403
0
0.003612695
0
0.001199621
0
0.000555389
0
0.52545648
0
0.032412721
0
0.000476855
0
0.002254849
0
0
0
A
ndrew
s
2.47421E
-05
0
2.49533E
-05
0
1.82731E
-05
0
4.13138E-05
0
1.08153E
-05
0
3.56511E
-06
0
3.5247E
-05
0
0.000122499
0
4.19135E
-05
0
0.000225089
0
0
0
A
ngelina
0.00031082
0
0.000313473
0
0.000229554
0
0.000519
0
0.000135867
0
4.47864E
-05
0
0.000442787
0
0.001538876
0
0.000526534
0
0.002827658
0
0
0
B
osque
0.000595392
0
0.001096604
0
0.000439723
0
0.001755208
0
0.000735562
0
0.000212298
0
0.005708837
0
0.02285067
0
0.000234455
0
0.001067208
0
0
0
B
razos
0.001939725
0
0.003572622
0
0.001432574
0
0.005718288
0
0.002396384
0
0.000691644
0
0.018598805
0
0.074445136
0
0.000763829
0
0.003476855
0
0
0
C
alhoun
0.082699809
0
0.001655986
0
0.061077496
0
0.002766524
0
0.000610844
0
0.000591187
0
0.0170045
0
0.002633372
0
0.000584875
0
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0
0
0
C
am
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0.048371747
0
0.000968599
0
0.297964476
0
0.001618161
0
0.000357288
0
0.00034579
0
0.009946061
0
0.001540279
0
0.000342098
0
0.001760709
0
0
0
C
herokee
0.003503899
0
0.003533808
0
0.002587786
0
0.00585073
0
0.001531635
0
0.00050488
0
0.00499158
0
0.017347879
0
0.005935657
0
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0
0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
0
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0
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0
0
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0
0
0
0
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0
0
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Freestone
0.003677178
0
0.003708565
0
0.00271576
0
0.006140067
0
0.001607379
0
0.000529848
0
0.005238429
0
0.018205785
0
0.006229194
0
0.033452809
0
0
0
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0.008588335
0
0.000871383
0
0.006342868
0
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0
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0
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0
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0
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0
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0
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0
0
0
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0
0
0
0
0
0
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0
0
0
0
0
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0
H
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0
0.003775086
0
0.139235931
0
0.006306735
0
0.001392518
0
0.001347706
0
0.03876448
0
0.006003193
0
0.001333316
0
0.006862311
0
0
0
H
ow
ard
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0
0.000559851
0
0.000409976
0
0.000926915
0
0.000242653
0
7.99868E
-05
0
0.000790802
0
0.002748377
0
0.00094037
0
0.005050094
0
0
0
Jack
0.002121449
0
0.002139557
0
0.001566784
0
0.003542346
0
0.000927334
0
0.000305682
0
0.00302217
0
0.010503338
0
0.003593766
0
0.019299698
0
0
0
Jones
0.040718722
0
0.000815354
0
0.030072592
0
0.001362147
0
0.00030076
0
0.000291082
0
0.008372468
0
0.001296587
0
0.000287974
0
0.001482142
0
0
0
Lam
ar
0.000950838
0
0.000958954
0
0.000702236
0
0.001587687
0
0.000415633
0
0.000137007
0
0.001354543
0
0.004707619
0
0.001610734
0
0.008650166
0
0
0
Lim
estone
0.000719757
0
0.000891528
0
0.000531572
0
0.000300183
0
0.00545518
0
0.001239347
0
0.000497945
0
0.00031596
0
0.000380962
0
0.000523179
0
0
0
Llano
0.001238174
0
0.047274044
0
0.000914447
0
0.082844655
0
0.000765714
0
0.002200214
0
0.000657172
0
0.001148571
0
0.000248641
0
0.001135861
0
0
0
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0.024534317
0
0.024743738
0
0.018119687
0
0.040966843
0
0.010724513
0
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0
0.034951066
0
0.121469933
0
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0
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0
0
0
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ilam
0.002245405
0
0.002264571
0
0.001658332
0
0.003749326
0
0.000981518
0
0.000323543
0
0.003198756
0
0.011117048
0
0.00380375
0
0.02042738
0
0
0
M
itchell
0.014943169
0
0.015070721
0
0.011036196
0
0.024951762
0
0.006532002
0
0.002153177
0
0.02128772
0
0.07398395
0
0.025313952
0
0.135944204
0
0
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0
0.000569473
0
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0
0.000942846
0
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0
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0
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0
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0
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0
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0
0
0
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0.003206998
0
0.005906709
0
0.002368511
0
0.009454195
0
0.003962005
0
0.001143513
0
0.030749889
0
0.123082087
0
0.001262858
0
0.005748375
0
0
0
P
ecos
4.09677E
-05
0
4.13174E
-05
0
3.02565E
-05
0
6.84069E-05
0
1.79079E
-05
0
5.90308E
-06
0
5.83617E
-05
0
0.000202832
0
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0
0
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0
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0
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0
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0
0.005745061
0
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0
0.009511781
0
0.002490043
0
0.000820806
0
0.008115023
0
0.028203184
0
0.00964985
0
0.051822854
0
0
0
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0.001482448
0
2.96846E
-05
0
0.001094854
0
4.95918E-05
0
1.09498E
-05
0
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-05
0
0.000304817
0
4.72049E-05
0
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-05
0
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0
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Results
Area
County
Am
erican 
Electric Power - 
W
est 
(ERCOT)
/PCA
NOx Reductions
 (lbs)
Austin
Energy/PCA
NOx Reductions
 (lbs)
Brownsville
Public Utils
Board/PCA
NOx Reductions
 (lbs)
Lower Colorado
River
Auhotrity
/PCA
NOx Reductions
 (lbs)
Reliant Energy
HL&P/PCA
NOx Reductions
 (lbs)
San Antonio
Public Service 
Bd/PCA
NOx Reductions
 (lbs)
South Texas 
Electric Coop
INC/PCA
NOx Reductions
 (lbs)
Texas M
unicipal
Power Pool/PCA
NOx Reductions
 (lbs)
Texas-New 
M
exico Power 
Co/PCA
NOx Reductions
 (lbs)
TXU Electric/PCA
NOx Reductions
 (lbs)
Total Nox 
Reductions
(lbs)
Total Nox 
Reductions
(Tons)
Brazoria
0.008831132
0
0.010890729
0
0.006522185
0
0.003944232
0
0.065444292
0
0.014877434
0
0.006262315
0
0.004817148
0
0.121274957
0
0.00816387
0
0
0
Cham
bers
0.021762222
0
0.026955801
0
0.016072371
0
0.009076193
0
0.164940225
0
0.037472294
0
0.015055623
0
0.009553214
0
0.011518588
0
0.015818592
0
0
0
Fort Bend
0.070431234
0
0.087239726
0
0.052016606
0
0.029374182
0
0.533812376
0
0.121275295
0
0.048726002
0
0.030918012
0
0.037278747
0
0.051195276
0
0
0
Galveston
0.033856739
0
0.041710519
0
0.025004711
0
0.015351589
0
0.249587379
0
0.056747051
0
0.024143087
0
0.019297151
0
0.567751219
0
0.032836887
0
0
0
Harris
0.068267332
0
0.084559408
0
0.050418468
0
0.028471701
0
0.517411736
0
0.117549281
0
0.047228963
0
0.029968099
0
0.03613341
0
0.049622373
0
0
0
Liberty
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
M
ontgom
ery
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
W
aller
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Hardin
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Jefferson
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Orange
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Collin
0.002039135
0
0.003716345
0
0.001505992
0
0.005950953
0
0.002481478
0
0.000717051
0
0.019166247
0
0.07668094
0
0.00086441
0
0.004000199
0
0
0
Dallas
0.004539471
0
0.004683963
0
0.003352602
0
0.00774211
0
0.002085611
0
0.00068106
0
0.007502816
0
0.026717045
0
0.007524933
0
0.040370454
0
0
0
Denton
0.00047388
0
0.000872802
0
0.000349982
0
0.001396994
0
0.000585443
0
0.000168971
0
0.00454374
0
0.018187155
0
0.000186605
0
0.000849405
0
0
0
Tarrant
0.012162492
0
0.012266309
0
0.008982543
0
0.020308652
0
0.005316504
0
0.001752506
0
0.017326428
0
0.060216761
0
0.020603444
0
0.110647237
0
0
0
Ellis
0.003279814
0
0.003307809
0
0.002422289
0
0.005476558
0
0.001433682
0
0.000472592
0
0.004672353
0
0.016238427
0
0.005556053
0
0.029837824
0
0
0
Johnson
0.000286058
0
0.000526868
0
0.000211267
0
0.000843297
0
0.000353404
0
0.000101999
0
0.002742835
0
0.010978701
0
0.000112645
0
0.000512745
0
0
0
Kaufm
an
0.006325453
0
0.006379446
0
0.004671629
0
0.010562096
0
0.002765
0
0.000911441
0
0.009011105
0
0.031317452
0
0.010715411
0
0.057545265
0
0
0
Parker
0.000217489
0
0.000400576
0
0.000160626
0
0.000641157
0
0.000268692
0
7.75498E-05
0
0.00208537
0
0.008347076
0
8.56434E-05
0
0.000389838
0
0
0
Rockwall
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Henderson
0.000819895
0
0.000826893
0
0.000605529
0
0.001369042
0
0.000358395
0
0.00011814
0
0.001168005
0
0.004059317
0
0.001388914
0
0.007458924
0
0
0
Hood
0.01252711
0
0.012634039
0
0.009251829
0
0.020917482
0
0.005475887
0
0.001805044
0
0.017845854
0
0.062021991
0
0.021221112
0
0.113964315
0
0
0
Hunt
0.006187558
0
0.006240374
0
0.004569788
0
0.010331844
0
0.002704724
0
0.000891572
0
0.008814664
0
0.030634735
0
0.010481817
0
0.056290785
0
0
0
El Paso Area
El Paso
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Bexar
0.033413751
0
0.051775843
0
0.024677545
0
0.090663423
0
0.001141841
0
1.143571754
0
0.046873844
0
0.004669544
0
0.000519582
0
0.002503865
0
0
0
Com
al
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Guadalupe
0.002000467
0
0.076378745
0
0.001477434
0
0.133848731
0
0.001237133
0
0.003554796
0
0.001061766
0
0.001855699
0
0.000401718
0
0.001835165
0
0
0
W
ilson
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Bastrop
0.004502334
0
0.171901148
0
0.003325174
0
0.301245466
0
0.002784342
0
0.008000571
0
0.002389654
0
0.004176513
0
0.000904124
0
0.004130298
0
0
0
Caldwell
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Hays
0.002458599
0
0.093870431
0
0.001815785
0
0.164501762
0
0.001520452
0
0.004368889
0
0.001304924
0
0.002280677
0
0.000493717
0
0.00225544
0
0
0
Travis
0.000510007
0
0.299602906
0
0.000376663
0
0.033939476
0
0.000334709
0
0.000906121
0
0.000271138
0
0.000471744
0
0.000103327
0
0.000467336
0
0
0
W
illiam
son
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Gregg
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Harrison
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Rusk
0.000685965
0
0.00069182
0
0.000506616
0
0.001145408
0
0.000299851
0
9.88414E-05
0
0.000977211
0
0.003396227
0
0.001162035
0
0.006240507
0
0
0
Sm
ith
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Upshur
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Nueces
0.22756873
0
0.004556851
0
0.168069652
0
0.007612767
0
0.001680888
0
0.001626796
0
0.046792036
0
0.007246366
0
0.001609426
0
0.008283395
0
0
0
San Patricio
0.050313351
0
0.001007478
0
0.037158653
0
0.001683113
0
0.000371629
0
0.00035967
0
0.010345288
0
0.001602105
0
0.000355829
0
0.001831382
0
0
0
Victoria Area
Victoria
0.021836736
0
0.002215582
0
0.016127403
0
0.003612695
0
0.001199621
0
0.000555389
0
0.52545648
0
0.032412721
0
0.000476855
0
0.002254849
0
0
0
Andrews
2.47421E-05
0
2.49533E-05
0
1.82731E-05
0
4.13138E-05
0
1.08153E-05
0
3.56511E-06
0
3.5247E-05
0
0.000122499
0
4.19135E-05
0
0.000225089
0
0
0
Angelina
0.00031082
0
0.000313473
0
0.000229554
0
0.000519
0
0.000135867
0
4.47864E-05
0
0.000442787
0
0.001538876
0
0.000526534
0
0.002827658
0
0
0
Bosque
0.000595392
0
0.001096604
0
0.000439723
0
0.001755208
0
0.000735562
0
0.000212298
0
0.005708837
0
0.02285067
0
0.000234455
0
0.001067208
0
0
0
Braz os
0.001939725
0
0.003572622
0
0.001432574
0
0.005718288
0
0.002396384
0
0.000691644
0
0.018598805
0
0.074445136
0
0.000763829
0
0.003476855
0
0
0
Calhoun
0.082699809
0
0.001655986
0
0.061077496
0
0.002766524
0
0.000610844
0
0.000591187
0
0.0170045
0
0.002633372
0
0.000584875
0
0.003010234
0
0
0
Cam
eron
0.048371747
0
0.000968599
0
0.297964476
0
0.001618161
0
0.000357288
0
0.00034579
0
0.009946061
0
0.001540279
0
0.000342098
0
0.001760709
0
0
0
Cherokee
0.003503899
0
0.003533808
0
0.002587786
0
0.00585073
0
0.001531635
0
0.00050488
0
0.00499158
0
0.017347879
0
0.005935657
0
0.031876422
0
0
0
Coke
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Colem
an
0.001298787
0
2.6007E-05
0
0.000959212
0
4.34478E-05
0
9.59321E-06
0
9.2845E-06
0
0.000267053
0
4.13567E-05
0
9.18536E-06
0
4.72752E-05
0
0
0
Crockett
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Ector
0.003535748
0
0.003565928
0
0.002611307
0
0.005903911
0
0.001545556
0
0.00050947
0
0.005036951
0
0.017505563
0
0.00598961
0
0.032166163
0
0
0
Fannin
0.007056315
0
0.007116546
0
0.005211403
0
0.011782473
0
0.003084477
0
0.001016752
0
0.010052276
0
0.034935966
0
0.011953503
0
0.064194222
0
0
0
Fayette
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Freestone
0.003677178
0
0.003708565
0
0.00271576
0
0.006140067
0
0.001607379
0
0.000529848
0
0.005238429
0
0.018205785
0
0.006229194
0
0.033452809
0
0
0
Frio
0.008588335
0
0.000871383
0
0.006342868
0
0.001420864
0
0.000471808
0
0.000218433
0
0.206660746
0
0.012747844
0
0.000187546
0
0.000886827
0
0
0
Grim
es
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Hardem
an
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Haskell
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Hidalgo
0.188527456
0
0.003775086
0
0.139235931
0
0.006306735
0
0.001392518
0
0.001347706
0
0.03876448
0
0.006003193
0
0.001333316
0
0.006862311
0
0
0
Howard
0.000555113
0
0.000559851
0
0.000409976
0
0.000926915
0
0.000242653
0
7.99868E-05
0
0.000790802
0
0.002748377
0
0.00094037
0
0.005050094
0
0
0
Jack
0.002121449
0
0.002139557
0
0.001566784
0
0.003542346
0
0.000927334
0
0.000305682
0
0.00302217
0
0.010503338
0
0.003593766
0
0.019299698
0
0
0
Jones
0.040718722
0
0.000815354
0
0.030072592
0
0.001362147
0
0.00030076
0
0.000291082
0
0.008372468
0
0.001296587
0
0.000287974
0
0.001482142
0
0
0
Lam
ar
0.000950838
0
0.000958954
0
0.000702236
0
0.001587687
0
0.000415633
0
0.000137007
0
0.001354543
0
0.004707619
0
0.001610734
0
0.008650166
0
0
0
Lim
estone
0.000719757
0
0.000891528
0
0.000531572
0
0.000300183
0
0.00545518
0
0.001239347
0
0.000497945
0
0.00031596
0
0.000380962
0
0.000523179
0
0
0
Llano
0.001238174
0
0.047274044
0
0.000914447
0
0.082844655
0
0.000765714
0
0.002200214
0
0.000657172
0
0.001148571
0
0.000248641
0
0.001135861
0
0
0
M
cLennan
0.024534317
0
0.024743738
0
0.018119687
0
0.040966843
0
0.010724513
0
0.003535175
0
0.034951066
0
0.121469933
0
0.041561501
0
0.22319886
0
0
0
M
ilam
0.002245405
0
0.002264571
0
0.001658332
0
0.003749326
0
0.000981518
0
0.000323543
0
0.003198756
0
0.011117048
0
0.00380375
0
0.02042738
0
0
0
M
itchell
0.014943169
0
0.015070721
0
0.011036196
0
0.024951762
0
0.006532002
0
0.002153177
0
0.02128772
0
0.07398395
0
0.025313952
0
0.135944204
0
0
0
Nolan
0.000564654
0
0.000569473
0
0.000417022
0
0.000942846
0
0.000246823
0
8.13615E-05
0
0.000804394
0
0.002795613
0
0.000956532
0
0.005136889
0
0
0
Palo Pinto
0.003206998
0
0.005906709
0
0.002368511
0
0.009454195
0
0.003962005
0
0.001143513
0
0.030749889
0
0.123082087
0
0.001262858
0
0.005748375
0
0
0
Pecos
4.09677E-05
0
4.13174E-05
0
3.02565E-05
0
6.84069E-05
0
1.79079E-05
0
5.90308E-06
0
5.83617E-05
0
0.000202832
0
6.93999E-05
0
0.0003727
0
0
0
Presidio
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Red River
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Robertson
0.000737708
0
0.000835096
0
0.00054483
0
0.000735917
0
0.003149678
0
0.000730875
0
0.00076086
0
0.001866305
0
0.191632518
0
0.003397737
0
0
0
Taylor
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Titus
0.005696437
0
0.005745061
0
0.004207073
0
0.009511781
0
0.002490043
0
0.000820806
0
0.008115023
0
0.028203184
0
0.00964985
0
0.051822854
0
0
0
Tom
 Green
0.001482448
0
2.96846E-05
0
0.001094854
0
4.95918E-05
0
1.09498E-05
0
1.05974E-05
0
0.000304817
0
4.72049E-05
0
1.04843E-05
0
5.39604E-05
0
0
0
Upton
3.11661E-05
0
3.14322E-05
0
2.30176E-05
0
5.20405E-05
0
1.36234E-05
0
4.49076E-06
0
4.43986E-05
0
0.000154304
0
5.27959E-05
0
0.000283531
0
0
0
W
ard
0.018559529
0
0.01871795
0
0.013707039
0
0.030990277
0
0.008112796
0
0.002674262
0
0.026439509
0
0.091888626
0
0.03144012
0
0.16884373
0
0
0
W
ebb
0.020014327
0
0.000400768
0
0.014781473
0
0.000669531
0
0.000147832
0
0.000143074
0
0.004115289
0
0.000637307
0
0.000141547
0
0.000728512
0
0
0
W
harton
0.00014434
0
0.000178787
0
0.000106601
0
6.01986E-05
0
0.001093979
0
0.000248538
0
9.98576E-05
0
6.33625E-05
0
7.6398E-05
0
0.000104918
0
0
0
W
ichita
0.000207633
0
0.000209406
0
0.000153346
0
0.000346701
0
9.07612E-05
0
2.99181E-05
0
0.00029579
0
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• Procedures developed to the energy savings achieved due to the 
implementation of IECC 2000/2001 for commercial construction 
in the 41 non-attainment and affected counties in Texas.
– eCALC developed under EPA funding
• Linked with EPA eGRID to calculate emissions reduction.
• Residential, commercial and renewable simulation models with 
measured weather data from 1999 to 2003 available. 
– Planning under way for the verification of the commercial 
simulation model with measured data and calibrated simulation
– TCEQ is considering submitting  EE/RE as part of State SIP
• Other states investigating Texas EE/RE procedures.
Summary
ESL-HH-06-07-02a 
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• Development of simulation models for the 6 commercial 
building types based on the F.W. Dodge characteristics.
• Extend the analysis for all ERCOT area (194 counties).
• Use of the measured weather data from the 17 weather 
stations.
• Make the simulation models compatible with at least 5 
most common commercial HVAC system.
Future Work
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QUESTIONS?
ESL-HH-06-07-02a 
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